Objective: The aim of this study was to study the relative contribution of dietary sources of iron in children with high prevalence of anemia and iron deficiency (ID). Methods: A cross-sectional study in 263 healthy, 1.5-to 6-year-old children in the Jewish sector of Jerusalem, Israel. Venous blood samples and a qualitative Food Frequency Questionnaire on iron-rich foods were obtained. Anemia was defined as hemoglobin <11 g/dL for children younger than 4 years and <11.5 g/dL for children older than 4 years; ID was defined as ferritin <12 mg/L. Results: Anemia was found in 11.2%, ID in 22%, and iron-deficiency anemia in 3.7%. The prevalence of anemia was higher in toddlers ages 1.5 to 3 years compared with children ages 3 to 6 years (17.7% vs 7.3%, P ¼ 0.01). Children with extremely low red meat consumption (seldom) had 4-fold higher rates of ID than those who consumed !2 times per week (odds ratio 3.98; 95% confidence interval 1.21-13.03; P ¼ 0.023), whereas poultry consumption was not associated with ID. Soy consumption was inversely associated with ferritin (marginally significant, r ¼ À0.134, P ¼ 0.057). Conclusions: The high prevalence of anemia and ID found in this study, mainly in children 1.5 to 3 years old, is related to low red meat consumption. The characteristically high poultry consumption in the Israeli population was not protective. The shift toward reduced red meat consumption and higher poultry consumption in developed countries may result in increasing the risk of ID.
A nemia is a global public health problem in both developing and developed countries with major consequences for human health. In 2002, the World Health Organization (WHO) estimated that anemia, resulting from iron deficiency (ID), was among the most important contributing factors to the global burden of disease (1) .
Although anemia has a variety of causes, the most significant contributor is ID, accounting for approximately 50% of all cases. Thus, the terms anemia and iron-deficiency anemia (IDA) are often used synonymously, and the prevalence of anemia has often been used as a proxy for IDA (2, 3) . IDA is associated with diminished cognitive function, changes in behavior, delayed infant growth and development, and impaired immune function in children (4) (5) (6) (7) . Even in the absence of anemia, ID by itself may adversely affect long-term neurodevelopment behavior, which occasionally can be irreversible (8, 9) . A recent study estimated that ''Full-scale IQ loss in US children from ID was 9,000,000 points, more than the loss from autistic spectrum disorders and traumatic brain injuries'' (10) . A reduction in nerve conduction velocity with an abnormal auditory and visual system functioning was shown in children who had IDA in infancy that did not improve with iron therapy (11, 12) .
It is estimated that 47% of preschool children worldwide have anemia, the highest prevalence of any population group (2) . The main risk factor for ID among young children is low iron intake at a stage at which iron requirement is high. Toddlers older than 1 year no longer receive the routine supplementary iron preparations recommended for 6-to 12-month-old infants who are exclusively breast-fed (13) . In addition to low dietary iron intake, socioeconomic factors such as low parental education and income, child age, sex, and family size have a major effect on anemia (14) .
The prevalence of anemia in infants in Israel was up to 40% before 1985. It declined following the Public Health Service directives recommending iron supplementation for 4-to 12-month-old infants, coupled with routine testing of hemoglobin (Hb) at 12 months and avoidance of cow's milk in the diet of infants. This occurred in parallel with the rapid national economic growth and increased availability of iron-fortified formulas (15) .
Nevertheless, the problem of IDA still exists in certain groups. A cross-sectional study on 34,512 infants ages 9 to 18 months showed a 15.5% prevalence of anemia (Hb <10.5 g/dL). The prevalence was significantly higher in the non-Jewish (22.5%), compared with the Jewish population (10.5%). In ultraorthodox Jews, the frequency of anemia was closer to that of the non-Jewish population (18.9%) (16) .
In Israel, despite the high frequency of IDA in infants, the available data on the prevalence of IDA in toddlers are insufficient to justify an extension of the present recommendation for iron supplementation beyond 1 year. The objectives of this study were to determine the prevalence and associated factors of anemia and ID among children, and to investigate the relative contribution of dietary sources of iron.
METHODS

Study Population
The present cross-sectional study was conducted from October 2009 to November 2010. The study population consisted of full-term healthy children, ages 1.5 to 6 years from the Jewish sector in the Jerusalem area of Israel. A convenience sample of 263 children recruited by 5 primary care pediatricians of the Meuhedet Health Services in Jerusalem and Beitar was studied. The study was approved by the Helsinki committee (institutional review board) of the Hadassah Medical Organization, Jerusalem. Written informed consent was obtained from the parents before entering the study.
General Questionnaire and Food Frequency Questionnaire
Parents were interviewed by using a questionnaire about personal and socioeconomic characteristics that requested age, sex, birth weight, maternal education, religion sector (ultraorthodox, orthodox, and secular Jewish sectors), and length of stay at day care centers.
To characterize the consumption habits of dietary sources of iron and iron inhibitors, a qualitative Food Frequency Questionnaire (FFQ) was administered (17, 18) . The questionnaire was based on the Iron FFQ for infants and toddlers of the Department of Nutrition of the Israeli Health Ministry, adjusted for the Israeli population. The FFQ includes 9 food items selected as sources of iron or iron inhibitors: red meat (beef), poultry, turkey, fish, infant formula, fortified cereals, soy, legumes, and tea (4, 19, 20) . The frequency consumption was defined by 5 categories: seldom, once per week, 2 to 3 times per week, 4 to 5 times per week, every day, or more often.
Blood Sampling
Venous blood samples were obtained from each study participant for complete blood cells and serum ferritin (SF). Anemia was defined using the WHO criteria as Hb <11 g/dL for ages 0.5 to 4.99 years and Hb <11.5 g/dL for ages 5 to 11 years. The definition of ID was ferritin <12 mg/L. IDA was diagnosed if anemia was accompanied by ID (2, 21) .
Statistical Analysis
We used the PASW statistical package version 18.0 (SPSS Inc, Chicago, IL) for data analysis. The sociodemographic, health, and nutrition characteristics of the study population are reported as the mean (95% confidence interval [CI]) for continuous variables and as the frequency for categorical variables. The x 2 test was used to compare categorical variables between groups. Pearson correlation was used to find the linear relation between 2 continuous variables.
Independent t test was used to determine statistically significant difference between the means in 2 unrelated groups. The 1-way analysis of variance was used to determine whether there are any significant differences between the means of !3 independent groups. Multiple logistic regressions were performed to assess the effect of factors, which were found significant in increasing the risk for anemia or ID. Odds ratios and 95% CIs were calculated. The significance level was set at P < 0.05.
RESULTS
Subjects' Characteristics
A total of 263 healthy children were studied (109 girls and 154 boys): 200 were from the ultra-orthodox Jewish sector and 63 were from the orthodox and secular sectors. The mean age was 42 months. Subjects' characteristics are listed in Table 1 . Dietary questionnaires were completed by 230 participants. For the other 33 participants, basic demographic details were collected from the medical record.
Hematological Parameters of the Study Sample
Hematological parameters of the study sample are listed in Table 2 . Hb levels were positively associated with child's age (r ¼ 0.331, P < 0.001). Mean Hb was significantly lower in toddlers ages 1.5 to 3 years than that of children ages 3 to 6 years (11.9 g/dL [95% CI 11.7-12.1] vs 12.5 g/dL [95% CI 12.4-12.6], respectively; P < 0.001). Mean Hb was lower in children attending longday kindergarten than that of children staying at home or at shortday kindergarten (11.9 g/dL [95% CI 11.6-12.2] vs 12.4 g/dL [95% CI 12.2-12.5], respectively; P ¼ 0.002), but the difference was no longer significant after controlling for age. Mean Hb was significantly lower in children from ultraorthodox families compared with others (12.2 g/dL [95% CI 12.1-12.3] vs 12.5 g/dL [95% CI 12.3-12.8], respectively; P ¼ 0.024). There was no significant difference in Hb levels between boys and girls. Mean birth weight was 3.22 kg (95% CI 3.15-3.28). Hb level was not associated with birth weight.
Independent of child's age, Hb levels were positively associated with maternal education (number of school years) (r ¼ 0.244, P < 0.001). Children of less educated mothers had lower Hb than those of highly educated mothers. There was no statistically significant difference in mean ferritin levels according to age, sex, religiosity, length of stay at day care centers, and maternal education.
Prevalence of Anemia, ID, and IDA Anemia was found in 11.2% of the study population, ID in 22%, and IDA in 3.7%. Eighteen percent had ID without anemia. Table 3 shows the prevalence of anemia, ID, and IDA in relation to age, sex, religiosity, length of stay at day care centers, and maternal education. The prevalence of anemia was significantly higher in toddlers ages 1.5 to 3 years compared with 3-to 6-year-old children (17.7% vs 7.3%, respectively; P ¼ 0.01). The prevalence of anemia was higher in children attending long-day kindergarten compared with those staying at home or at short-day kindergarten (22.2% vs 10.5%, respectively; P ¼ 0.035). The prevalence of anemia and ID was similar in boys and girls. Children of more educated mothers were less likely to have anemia (P ¼ 0.001) and ID (P ¼ 0.04) than those of less educated mothers. 
Food Consumption and Iron Status
A total of 226 parents completed dietary questionnaires. The prevalence of poultry consumption in the study population was extremely high: 97% of children were reported to consume poultry at least once per week. The consumption frequency of poultry was 5%, 52%, 29%, and 11%, for 1, 2 to 3, 4 to 5, and !6 per week, respectively. By contrast, red meat and turkey consumption was much lower (49% and 54% once per week or less, respectively). The median consumption frequency of red meat was less than once per week compared with 2 to 3 times per week of poultry. A significant positive correlation was found between ferritin levels and red meat consumption (r ¼ 0.143, P ¼ 0.04). Figure 1 shows the prevalence of ID according to red meat and poultry consumption frequency. Children with extremely low red meat consumption (seldom) were 4 times more likely to have ID than those who consumed 2 to 3 times per week or more (P ¼ 0.007). The consumption of poultry, turkey, and others iron sources was not associated with ferritin levels or ID. Soy consumption was inversely associated with ferritin levels (marginally significant, r ¼ À0.134, P ¼ 0.057).
Multiple logistic regressions were performed to assess the effect of variables on the risk for anemia or ID. The 2 models contained 6 independent variables (sex, age, religiosity, short-or long-day kindergarten, maternal education, and red meat consumption). The significant predictors of anemia were maternal education and child's age. There was a significant inverse relation between maternal education and the likelihood to have anemia (OR 0.61; 95% CI 0.45-0.82; P ¼ 0.001). For every additional year of maternal schooling, children had a 0.61 times lower risk to have anemia. A significant inverse relation was also found between age A marginally significant association was found between the religiosity sector and anemia. The risk for anemia was decreased by 79% in the other sectors compared with the ultraorthodox sector (OR 0.213; 95% CI 0.038-1.174; P ¼ 0.076).
The logistic regression analysis revealed a significant inverse relation between maternal education and the prevalence of ID (OR 0.861; 95% CI 0.778-0.952; P ¼ 0.004). For every additional year of maternal schooling, children were 0.86 times less likely to have ID.
A significant inverse relation was found between red meat consumption and the likelihood to have ID (OR 3.98; 95% CI 1.21-13.03; P ¼ 0.023). Children with very low red meat consumption (seldom) were 3.98 times more likely to have ID than those who consumed !2 times per week.
DISCUSSION
High prevalence of anemia (11.2%) and ID (22%) were found among 263 Israeli children ages 1.5 to 6 years. IDA was found only in 3.7%. Anemia and ID were more prevalent in toddlers ages 1.5 to 3 years (17.7% and 25%, respectively), much higher rates than those found in US toddlers in similar age group (5.1% and 9.2%, respectively) (13) and closer to those found in children from the UK in 1992-1993 (8% and 31%, respectively) (22) .
The increased risk in younger toddlers has been attributed to a relatively large iron requirement, unmet by sufficient dietary iron intake. The choice of complementary foods at this age can markedly influence the risk of ID and anemia. In school-age children, iron status typically improves as growth slows and diets become more varied.
Although iron consumption from children's diets was not calculated, we assume that the high prevalence of anemia and ID found in Israeli children, in comparison with children in other developed countries, may reflect low iron intake because of vegetarian and low meat consumption diets served during lunch in many day care centers in Israel. This is explained by keeping up the Jewish Kosher restrictions, which require 4-to 6-hour intervals between eating meat (both poultry and beef) and dairy servings.
Children of educated mothers were less likely to develop anemia than those of less educated mothers (P ¼ 0.001), in accordance with other studies (23) (24) (25) .
Mean Hb levels in the ultraorthodox Jewish sector were significantly lower than in the other sectors, and there was a marginally significant association between religiosity sector and risk for anemia. Similar results were found in a study on 34,512 Israeli infants (16) . The socioeconomic level of the ultraorthodox Jewish sector in Israel is considered lower than the national average. This population is characterized by a high birth rate, high housing density, and lower income per capita than the overall population (26) .
A qualitative FFQ was used in this study to characterize the consumption habits of dietary iron sources in children's diets. Approximately 50% of the parents reported extremely low consumption of red meat (seldom). Low red meat consumption was found as a risk factor for ID. Children with extremely low red meat consumption were 4 times more likely to have ID than those who consumed !2 times per week (P ¼ 0.007). A positive correlation was found between SF levels and the frequency of red meat consumption (r ¼ 0.143, P ¼ 0.04). By contrast, the frequency of poultry consumption was not associated with the risk for anemia and ID.
The effect of red meat consumption on body iron status was described in other studies. A study on 1674 subjects ages 16 to 24 years in the United Kingdom found that the total iron intake increased along with the increase in red meat consumption (P < 0.0001). The study found a direct link between red meat intake and body iron status assessed by levels of Hb and SF (27) . The risk for ID was twice as high among 180 girls ages 12 to 17 years who consumed meat (beef, lamb, and pork) <4 servings per week compared with those who consumed !4 servings per week (18) . Meat is a good source of bioavailable heme iron. Red meat contains 2 to 3 times more iron than poultry meat. The values of iron content in 100-g cooked beef and poultry, provided by the Israeli Ministry of Health, are 3.2 vs 1.17 mg, respectively (28) .
The Israeli Cattle Council figures for 2006 indicate that beef consumption in Israel is extremely low in comparison with other developed countries and stands at 13.3 kg per capita per year compared with 42 kg per capita in the United States and 58 kg per capita in Argentina. In Germany, >50% of the meat consumption comes from pork, and in Argentina, the main type of meat consumed is beef because of the high availability and low cost. Israelis prefer poultry and beef, mainly because of not only low price but also health attitudes (29) .
The consumption of poultry in Israel has been rising since 1998. According to Dun and Bradstreet, there has been an annual consumption increase of 6.5 kg per capita in the last several years, which brings the total consumption per person to >36 kg annually. In comparison to other countries, Italy and France consume onethird of the poultry compared with Israel, whereas in Canada, consumption is similar to that of Israel. Chicken meat constitutes approximately 78% of meat consumption in Israel, followed by beef (10%), turkey (8%), lamb (1%), and other meats (30) . Dietary iron bioavailability is low in populations consuming plant-based diets with little meat. In meat, 30% to 70% of iron is heme iron, of which 15% to 35% is absorbed, whereas in plantbased diets, most dietary iron is nonheme iron, and its absorption fraction is often <10%. The absorption of nonheme iron is increased by meat and ascorbic acid, but inhibited by phytates, polyphenols, and calcium (31, 32) .
A negative, marginally significant, relation was found between SF levels and soy consumption (r ¼ À0.134, P ¼ 0.057). Soy-based substitutes are commonly used in Israel as protein sources. Soy has low iron content and is rich in phytic acid, which binds iron and inhibits its absorption. Soy protein, regardless of phytic acid, was found to inhibit iron absorption (33) .
The increased prevalence of ID in children in our study, attributed to reduced red meat consumption, was not compensated for by high poultry consumption, characteristic to the Israeli population. This observation may have wider implications. The trend of reducing red meat consumption in the United States and other Western societies, with increase in poultry consumption, owing to concerns of adverse health effects of red meat (34), may herald a high risk of ID in children if this trend persists.
In accordance with other studies, we found that the majority of children with ID were not anemic (35, 36) . This may indicate that Hb, used in Israel as a screening test for ID, is inefficient, giving us false assurance that nonanemic children are iron sufficient, although they may be at risk. Other markers such as ferritin should be considered in the evaluation of ID.
Our study has limitations. The study population (most children belong to ultraorthodox Jewish families) is not representative of the whole Israeli toddler and preschool-age child population. The disadvantage of convenience sampling is that the parents who agreed to enroll could have higher health awareness and thus their children could have better nutritional status.
The reliability of FFQ data is influenced by each subject's ability to accurately recall his or her food choices and consumption patterns during extended periods of time. Also, qualitative FFQ does not include portion size estimates, which does not allow the derivation and quantitative calculation of energy and selected nutrient intakes. Over-and underestimation of intakes are also a notable limitation of self-reported dietary assessment data. Data on parental education were obtained from parental self-reports, which may have resulted in an overestimation bias. Additionally, because we could not inquire about mothers' knowledge of nutrition, we could not analyze the direct association between maternal education and nutrition-related knowledge.
CONCLUSIONS
High prevalence of anemia and ID were found among Jewish children in the Jerusalem area of Israel. By contrast, the majority of children with ID were not anemic, indicating that Hb, used in Israel as a screening test for ID, should be combined with ferritin in the evaluation of ID. The study was targeted to children in this age group, which is no longer supplemented with iron.
The main explanation for the high rates of ID was low red meat consumption despite relatively frequent poultry consumption. Iron content in poultry is low compared with other meats such as beef or pork, generally consumed more in other developed countries. Other risk factors may be related to the Jewish custom regarding Kosher food, probably because of vegetarian diet and low meat consumption.
These findings underline the importance of supplementation interventions and adequate food practices such as food fortification and consumption of variable kinds of meat. The public health approach to achieving adequate iron status should emphasize the importance of a healthy balanced diet that includes a variety of foods and meats containing iron. Such an approach is more important than focusing on particular inhibitors or enhancers of the bioavailability of iron from diets.
In August 2012, the Israeli Ministry of Health updated its recommendations with expanding iron supplementation up to 18 months coupled with complete blood count testing, to reduce and prevent ID.
